Abstract: This paper proposes a composite indicator designed to summarise in a single statistic a variety of different facets of macroeconomic performance and assesses relative performances of countries with respect to six macroeconomic variables, viz., the growth rate of real GDP, real per capita GDP, unemployment rate, fiscal balance, rate of inflation, and current account balance. An appropriate mathematical model to aggregate these variables to form composite scores has been implemented by adopting the MCDM (Multiple Criteria Decision Making) technique of TOPSIS (Technique for Order Preference by Similarity to Ideal Solution). This allows a parsimonious representation of a variety of different facets of macroeconomic performance and its inter-temporal comparison across countries. The distinctive features of the indicator relate to the domains covered, the normalisation methodology and the weights used for aggregation. Some existing indices like the Okun index and the Calmfors index turn out to be special cases of our proposed index. The data comprising a wide spectrum of countries and spanning the pre-and post-crisis years allow us to capture the effect of the recent global financial and economic crisis on the overall macroeconomic performance of countries relative to others. Not only do the relative performance scores show tremendous variability during the postcrisis years, but the measures of disarray are also at their highest, despite there being overall stability in the country rankings in terms of indicators, which are traditionally relied on, like GDP growth or per-capita GDP. A single graphical plot easily identifies countries that have performed consistently over time, and those whose overall macroeconomic performances have deteriorated sharply relative to others during the post-crisis years.
INTRODUCTION
Macroeconomic policy of governments is generally committed to the three goals of growth, employment creation and price stability. These goals are explicitly stated in the US Employment Act of 1946. The European Union's Stability and Growth Pact, also for instance, proclaims sound government finances as a means to strengthening the conditions for price stability and for strong and sustainable growth conducive to employment creation. The same three policy goals have been stated earlier in national legislations, e.g., the 1967 German 'Stabilitats und Wachstumsgesetz' (Law on Stability and Growth); this law contains, in addition, the goal of balance of payment equilibrium (Welsch 2011) . While there are marked differences in the planned efforts countries make in achieving these objectives there are also substantial variations among the countries in the performance on each objective. There is thus widespread interest in measuring and comparing the economic performance of countries to gauge the success of the individual macroeconomic policies followed by each one. Traditionally, the macroeconomic performance of a nation is measured as the extent to which these policy goals are realised *Address correspondence to this author at Economist, Monetary Research Project, ICRA Ltd., B 245 Lake Gardens, Ground Floor, Kolkata 700045, West Bengal, India; Fax: +91-33-40072195; E-mail: pikluchatterjee@gmail.com # Formerly affiliated to Indian Statistical Institute, Kolkata.
JEL Codes: C4; O57. (Crockett and Goldstein 1987) ; the same are summarised conventionally in terms of an array of carefully chosen indicators. The approach has sometimes been called 'constructing a "dashboard" of indicators' ). The most important or oft-quoted indicators within the dashboard are growth, inflation, unemployment, as also the balances on the government account and the external account of the economy.
While there is the undisputed need to consider all indicators relating to the different aspects of policymaking, the usefulness of a composite indicator, capturing all these aspects together, cannot be denied either. This is particularly so as policies pursuing the different macroeconomic goals of growth, employment, and price stability usually involve certain trade-offs; 1 these three have thus been dubbed as the "magic triangle" of economics (Welsch 2011) . Policies, which aim at augmenting growth, are also known, because of increased imports, to lead to current account imbalances, at least until the supply side factors adjust accordingly. Thus, the Organisation for Economic Cooperation and Development (OECD) captures the macroeconomic performance of an economy using four 1 For instance, the Phillips curve implies that price stability comes at a cost in terms of unemployment. On the other hand, any growth and employment enhancing policies are usually demand generating, and hence may be inflationary.
dimensions, namely real growth, inflation, unemployment, and the external account, which are envisaged by the "magic diamond" of the OECD. However, measures such as these are not easy to comprehend or compare. Furthermore, these measures are noncommittal about the weight to be attached to each indicator while judging the overall economic trend or performance. In fact the usefulness of any composite indicator is contingent upon the manner in which the incommensurability among different attributes is addressed and appropriate weights are assigned to each attribute. In practice, attributes are often weighted equally, or instead, results from polls or surveys are used; in latter case, though, the weighting may be inappropriate and subjective. No matter how strong macroeconomic tradeoffs actually are, it is evident that to pursue a multi-dimensional goal system and evaluate the success of the respective policies requires an appropriate weighting of the constituent goals.
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In this paper we take the composite indicators approach that consists in aggregating several variables to encompass a broad spectrum of dimensions affecting macroeconomic performances of nations. 3 We present a composite measure, which merges separate indicators of macroeconomic policy outcomes using the techniques of "Multiple Criteria Decision Making" (MCDM), and is capable of containing the relevant information about the overall economic performance of an economy in one single statistic 4 . The methodological build up of the paper is three-pronged. The introduction gives the theoretical justification of the selection of variables in constructing a macroperformance function. This is essentially based on the dashboard of indicators used in the literature to track 2 A theoretical construct that represents such a weighting is a macroeconomic social welfare function W (unemployment, inflation) proposed by (Barro and Gordon 1983) and now a standard device in macroeconomic textbooks ( (Blanchard and Fischer 1989) ; (Burda and Wyplosz 1993) ; (Hall and Taylor 1997) ). However, lacking an empirical equivalent to this construct, one could hardly do better than simply relying on the sum of the unemployment and inflation rates (misery index) (Okun 1978) as an approximation. 3 Composite indicators have been increasingly used for performance monitoring, benchmarking, policy analysis, and public communication in wide ranging fields including the economy. The most well-known composite indicator is the Human Development Index (HDI) proposed by the United Nation Development Programme (UNDP) in 1990. To balance comparisons between countries based on GDP per capita in PPP (purchasing power parities), the UNDP extended the analysis to health and educational achievement, regarded as two major ingredients of development and progress. 4 MCDM is a decision-making method which is most appropriate where a solution to a particular problem requires satisfying a number of different parties and reconciling multiple and often conflicting objectives. It is a sub-discipline of "Operations Research" (OR) that explicitly considers multiple criteria in decision-making environments and is extensively used in a wide variety of planning processes such as project management, financial, environmental or socio-economic planning.
the various aspects of macroeconomic performance.
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The second step is contingent upon building an appropriate mathematical model to aggregate these variables to form composite scores, which has been implemented by adopting the technique of MCDM. The MCDM technique used in this paper is TOPSIS (Technique for Order Preference by Similarity to Ideal Solution), which has a definite edge over the others. In this, an ideal solution with respect to each policy variable is formulated. This is based on the premises that the best alternative would be the one which has the shortest distance from the ideal solution and the farthest distance from the non-ideal, i.e., the worst, solution. The performance of any country is then measured in terms of its relative position in reference to these two points. A country having the best values of all the attributes is supposed to have a performance score of one as against the zero score of a country having the worst values of all the attributes, the scores for the intermediate cases obviously lying in between.
Once the year-wise performance scores are computed, we apply statistical tests to assess the positional changes in the Top-k relative rankings over time. For an overall assessment of the (year-wise) rankings, we apply the technique of Correspondence Analysis (CA) (Greenacre 1984) onto the data matrix containing the (status of) rankings of countries (over the years). In absence of any a priori hypotheses, though, about relations between variables (as in traditional hypothesis testing), we resort to the exploratory data analysis for identifying systematic relations, if any, between the variables (status of ranking and list of countries) by this technique. 6 The joint graphical display obtained from CA reveals the spatial association between the said variables. The data in this paper spans the pre-and post-crisis periods when governments across the world face severe challenges of macroeconomic policymaking.
The layout of the paper is as follows. Section 1 provides the justification for the composite indicator approach for ranking macroeconomic performance of 5 See, for example (Welsch 2011) , (Moesen and Cherchye 1998) , (Stiglitz and Sen 2009). 6 Essentially CA contains three basic concepts: one, a point in multidimensional space; two, a weight (or mass) assigned to each point; and three, a distance function between the points, called the chi-squared distance. With these three concepts defined, the method tries to reduce the dimensionality of the points by projecting them onto a subspace, usually a two-dimensional plane, as mentioned above. This subspace optimally fits the points by the method of weighted least squares --a method where each point is weighted by its respective mass, and measurement of distance between points and the subspace is done in terms of chi-squared distance (Greenacre 2002). countries across the globe and for the MCDM framework chosen here to arrive at a composite indicator of macroeconomic performance. Section 2 presents the methodological framework for the construction of the indicator, the rankings based on the performance scores and temporal comparison of rankings. Section 3 presents the data with which the composite indicator has been constructed for this study and the results from the analysis of the performance scores of a number of countries.
7 Section 4 presents a summary of the methodology and a concluding note.
METHODOLOGY
The macroeconomic policy of a country is formulated by its bureaucracy, collectively referred to as the helmsman (see (Koopmans 1951) , (Lovell, Pastor, and Turner 1995) ). Although there are countrywise differences in size and organizational structure of this bureaucracy, in the present context, it is assumed for relative assessment of their performances that each country has one helmsman for each single year. In the parlance of production economics, this essentially means that one input, viz., helmsman provides varying amounts of services and that every country-year observation has exactly one helmsman. With the input vector thus collapsing to a scalar of unit value for every country in every year, the present study seeks to compare the outputs across the countries.
Assuming that the helmsman provides services in respect of six macroeconomic variables, the macroeconomic performance function (P i ) of a country for the period "t" may be written as:
Here P it s are evaluated as relative scores in terms of differential capacities of the helmsmen (of the individual countries) in providing (optimizing) the variables, which stand for the growth rate of real GDP, real per capita GDP, unemployment rate, budget balance, rate of inflation, and current account balance, respectively. It must be mentioned here that while the increase in the provision of some of the variables in the parentheses of (1) leads to a betterment of the economic position of a country, a similar change in the others deteriorates it. The former (g, PG, b, and CA) constitutes the "benefit attributes" and the latter (u, I), 7 The selection of variables categorized as benefit and cost attributes considering their possible impact on the well-being of a country (for implementing the TOPSIS) has been enunciated in detail.
the "cost attributes" 8 . The optimization exercise for the helmsman in each country will mean maximization of the benefit attributes and minimization of the cost attributes 9 . Now, writing down the output (service) vector for each country as x(i), we write: ( j = g, PG, u, b, I, CA) service in any particular year; the output matrix (say, X ) for, say, n countries, is: 
We apply the technique of MCDM onto the matrix X, and assess the performances of countries as relative scores ( P i´s ). MCDM is a sub-discipline of operations research that explicitly considers multiple criteria in the decision-making process (Triantaphyllou 2000) . 10 For supporting the decision-making units (DMUs) constrained by choices from among multiple criteria, MCDM seeks to structure and solve it. Typically, because of the presence of multiple criteria, there exists no unique solution to an MCDM. By incorporating the preference structures of the DMUs, solutions can be differentiated and ordered accordingly. The optimal solution can be interpreted and obtained in different ways. One interpretation would consist in choosing the "best" alternative from a set of available alternatives (where "best" can be interpreted as "the most preferred alternative" to a decision maker); another, in choosing a small set of good alternatives, or grouping alternatives into different preference sets. An extreme interpretation might lie in finding all "efficient" or "non-dominated" alternatives. A non-dominated 8
The level of objective economic malaise as measured by the un-weighted sum of inflation and unemployment rate is known in the literature as the "discomfort index" (or "Okun's misery Index"). Studying with a reported well-being data for thirteen European regions and USA, (Tella, Macculloch, and Oswald 2001) proved that there in fact exists a social welfare function of the form W (I, u); people appear to be happier when I, u are low.
9
The issue of mutual interdependence/trade-offs between the attributes is an important issue here. Normally one has to compromise certain criteria for the others. 10 In our daily lives, we usually weigh multiple criteria implicitly and we may be comfortable with the consequences of such decisions as are made on intuition alone. On the other hand, when stakes are high, it is important to properly structure the problem and explicitly evaluate multiple criteria. Structuring complex problems well and considering multiple criteria explicitly lead to more informed and better decisions.
solution has the property that it is impossible without sacrificing at least one criterion to veer from it to any other solution. Therefore, it makes sense for the DMU to choose a solution from the non-dominated set. Otherwise, it could do better in terms of some or all of the criteria, and not do worse in any of them. Generally, however, the set of non-dominated solutions is too large to be presented to the DMU for its final choice. Hence, one needs tools to help the DMU to focus on its preferred solutions (or alternatives).
The basic premise here is the data matrix
. Assuming that the utility derived from g, PG, b, CA is monotonically increasing and that from u, I is monotonically decreasing, P i s can be estimated by integrating the elements of the i th row of X with reference to some ideal and negative ideal situations (Lertprapai 2013) . In absence of any natural ideal and non-ideal rows, though, optimal solution to the MCDM problem is obtained by defining two artificial points in the six-dimensional space, having respectively the best and worst values of all the attributes considered. The first point is the "positive ideal solution" (PS) and the other is the "negative ideal solution" (NS). The relative performances of each country can thus be judged by their proximities to each of these preference poles. This is the intuitive idea underlying the TOPSIS methodology (Hwang and Yoon 1981) ; optimal solutions are defined to be those that are simultaneously farthest from NIS, and closest to PIS. The relevant question is now the distribution of weights among the attributes in Eqn. 1 each of which indicates specific macroeconomic policy goals and thus varies across countries and over different periods. Although governments set out official goals, it remains difficult, however, to attach a precise numerical weight to each of the goals. Thus, intuitively it seems attractive to design a procedure for unequal weighting. Given X, we resort to a procedure of mathematical modelling and determine thereof, the year-specific attribute weights using the concept of "entropy" ( (Golan 2006) , (Maasoumi 1993)) 11 . Specifically, we use the 11 As we don't have recourse to the subjective assessment of the policy makers about the importance of each policy objective, we look for solution by using mathematical models regardless of decision makers' preferences. Entropy is often taken to be a measure of the disorder of a system (or differently, of its progress towards "thermodynamic equilibrium") and is determined by the number of specific ways in which the system may be arranged. The entropy of an isolated system never decreases, because isolated systems spontaneously evolve towards thermodynamic equilibrium, which is the state of maximum entropy. In the modern microscopic interpretation of statistical mechanics, entropy is the amount of additional information needed to specify the exact physical state of a system, given its thermodynamic specification. The role of thermodynamic entropy in various thermodynamic processes can thus be understood by realising how and why that information changes as the system evolves from its initial condition. Viewed in terms of information theory, the entropy state function is simply the amount of information that would be needed to specify the full microstate of the system. Shannonian concept of entropy (H (X)); weights are distributed among the attributes taking into account the differences in the magnitudes of information disseminated from each of them (attributes), the entropy state function being simply the amount of information that would be needed to specify the full microstate of the system 12 .
For extracting the necessary information, first X is normalized so as to scale down the attributes between zero and one. Letting (.) min , (.) max denote respectively the minimum and maximum values of (.), the normalization rules are:
From the transformed data matrix Y = y ij
, the relative scores of alternatives (across criteria) are
The amount of decision information contained in
and emitted from each criterion can now be measured by the entropy value:
The degree of divergence (d j ) of the average intrinsic information contained in each criterion measured as (d j = 1 e j ) essentially represents the inherent contrast intensity of the j th criterion (Deng, Yeh, and Willis 2000) . The more divergent the relative scores a ij , i = 1(1)n for the criterion j, the higher the corresponding d j and the more important the specific criterion (Zeleny 1982) . This essentially means that a criterion is less important (i.e., it has a smaller weight) if the variation in the relative scores (a ij ) over the countries is less for that criterion. The weights for each criterion are given by
, which are used subsequently in implementing the TOPSIS.
12 H (X) is expressed in terms of a discrete set of probabilities ( p i ) as:
. As a measure of the uncertainty inherent in information theory, it has been formulated by using the probability theory such that this uncertainty is more pronounced in the cases with broad distributions than in the cases with narrow peaked distributions (Sleigh et al. 2001) . 13 The (-) sign in the above equation ensures that e j 0 (since, a ij 1 ).
The TOPSIS Algorithm i. First, the various attribute dimensions are converted into non-dimensional entities in order to allow comparisons among them. TOPSIS uses a vector-normalization process which means that raw data is transformed such that all columns (attributes) have the same unit length vector
14
. An element of the normalized decision matrix (r ij ) is found by dividing the raw criterion score (x ij ) by the sum of the squared scores of all countries of a particular category, i.e.,
Next, the weighted normalized decision matrix (V ) is constructed by multiplying each element (r ij ) of the normalized decision matrix with its
, where v ij = r ij w j ; w j = 1
iii.
The positive ideal solution (PS) A + is found by maximizing the benefit criteria and minimizing the cost criteria, i.e., A
where v j
the set of benefit attributes and J ' the set of cost attributes.
The negative ideal solution (NS)
A is found by minimizing the benefit criteria and maximizing the cost criteria, i.e., A = {v 1 , v 2 , v 3 ,…, v m },
iv. The distance of each DMU from PS, S i + can be found in the multidimensional attribute space by 14 By establishment of uniform vector lengths between attributes resulting in a non-linear transformation, the maximum and minimum values may not be similar between separate normalized criteria. This renders the transformation hard to visualize unlike the linear scale normalization used in linear comparison models such as Simple Additive Weighting Method. The linear scale normalization is based on dividing the actual criterion score by the maximum possible value in that category and as such may be invariant to the addition (deletion) of new alternatives to the existing dataset. Use of vectornormalization in TOPSIS ensures that normalized scores will vary not only according to the values of the scores being normalized, but also according to the number of alternatives on the list.
using the Mahalanobis distance function (Mahalanobis 1936) as 15 :
where a diagonal matrix is formed of entropy weights (w j ) and is the variance-covariance matrix of the normalized data matrix in (i) .
The distance of each DMU from the NS, S i can similarly be found as:
The "relative closeness" to the ideal solution (PS) is calculated as:
The above relations demonstrate that the 'relative closeness' coefficient, which is the aggregating function, models the closeness of an alternative to the ideal solution compared to its closeness to the negative ideal solution. In other words, if an alternative is closer to A + than to A then C i + approaches unity, but if an alternative is closer to A than to A + , then C i + approaches zero. Evidently, therefore, the notion of 'relative closeness' corresponds to the principle of compromise that the best alternative should simultaneously have the shortest distance from the PS and the farthest distance from the NS. We treat C i + as estimate of P i . Higher the value of C i + the better the performance of the particular country in a particular year, and accordingly, the former will be ranked higher than the one having a smaller score.
16 15 Mahalanobis distance is used to calculate the distance between two centroids (Legendre and Legendre 1998) allowing for oblique positioning of an "elliptic envelope" within a multidimensional attribute space (Farber and Kadmon 2003) . The idea is that the distance between similar objects should be relatively smaller than that between dissimilar ones. Mathematically, the Mahalanobis distance between a vector x and a set S of vectors (matrix) is defined as:
where m is the mean vector and C stands for the covariance matrix of S (Clark, Dunn, and Smith 1993) . The rows of S stand for observations and the columns for the status of attributes. The vector m represents the optimum conditions and x, the status of attributes for any particular observation (country). When the Variance-Covariance matrix is the Identity matrix, the Mahalanobis distance reduces to the usual Euclidean distance. 16 The methodology of TOPSIS suffers from the drawback that in defining the relative closeness coefficient as in (v) which is rather arbitrarily chosen, the relative importance of two outcomes (i.e., PS & NS) is not considered (Opricovic and Tzend 2004) . This issue can be tackled by incorporating the concept of "grey correlation analysis" (Deng 1989) in TOPSIS. Also we ignore here the potential problem of "rank reversal" which can be addressed using a modified version of TOPSIS (Socorro García-Cascales and Teresa Lamata 2012).
Stacking the P i ' s over the years, we get a definite idea about the position of any particular country in terms of its performance in a given year as well as about how its position (ranking) has changed relative to others over the years 17 .
Comparing Country Rankings Over the Years
We follow (Bar-Ilan, Levene, and Lin 2007) and use the following measures to statistically assess the pattern of changes in the Top-k rankings over the years.
The Overlap (O) measure counts the number of countries that appear in both the Top-k lists.
The Footrule (F) is applied to a set of overlapping elements (i). If the result of the re-rankings (after eliminating the non-overlapping elements from both the lists) is two permutations 1 and 2 on 1, 2… S, where S is the number of overlapping elements (countries); the normalized Spearman's Footrule (Fr) (Diaconis and Graham 1977) 
when S is even and
Higher the value of NFr the higher the disarray between the rankings __ a value of 1 indicates complete disarray (i.e., the lists appearing in opposite orders); a value of zero implies similarity (i.e., zero positional shift) in the relative rankings (of the Top-k positions) for the specific year.
For comparing two non-identical rankings, Spearman's Footrule is extended following (Fagin, Kumar, and Sivakumar 2003) , which assigns a rank (= k) to the non-overlapping elements as well. Fagin's G measure is computed as:
17 It is however not possible to tell whether the change is due to the changes in its own macroeconomic policies or environment, or due to the changes in the relative performance of others (countries). In other words, any temporal comparison among the scores (P i ' s) is not possible as the reference points (PS/NS) are year-specific.
Here Z is the set of overlapping elements, z is the size of Z, S is the set of elements that are only in the first list and T is the set of elements that appear in the second list only 18 . The M measure introduced by (Bar-Ilan, Levene, and Lin 2007) improves upon the Fagin's measure which gives more weight to the non-overlapping elements and is computed as:
Here Z is the set of overlapping elements, 1 (i) being the rank of element i in the first set, 2 (i) being the rank of element i in the second set. S is the set of elements appearing only in the first list and T is the set of elements appearing only in the second list.
The M measure being a normalized similarity measure, we use (1-M) as the measure to quantify the positional shifts in the Top-k relative rankings of countries.
For an overall assessment in the rankings (over the years) and for exploring any systematic pattern in the latter, i.e., whether higher rankings are (always) associated with some specific countries, the lower or medium ones being fixed with some others and if so, the degree of this association (or there is no such relationships at all), we classify the ranks on an ad-hoc benchmark, viz., that the top ten rankings in each year are classified as "A", the next 10 rankings as "B", the subsequent 10 as "C" to be followed by "D" for the rest. 
. The intuitive comparison between the unit profiles is next quantified by the
The whole variability observed in the cluster of population units N(I ) may now be summarized based on the concept of inertia, built with the chi-squared distance of each profile from the centre of gravity:
) . This in effect measures the degree of difference between the different groups and can be represented optimally in the eventual map by using weighted least squares, the row profile points being projected onto the best-fitting plane. The coordinates of these points are called principal coordinates, being referred to the principal axes of the space and each principal axis accounting for a certain amount of the total inertia (the principal inertia). A statistically significant 2 value will signify the rejection of the null indicating that the categories and countries are dependent; this will imply existence of a systematic pattern in the distribution of rankings across the countries.
DATA AND RESULTS
The paper proposes a macroeconomic performance indicator (P i ) and assesses relative performances of countries with respect to six macroeconomic variables, viz., the growth rate of real GDP, real per capita GDP, unemployment rate, fiscal balance, rate of inflation, and current account balance. The data constitutes a wide spectrum comprising as many as 48 countries spanning the global economy __ including the developed economies like the USA, Japan and the UK, the countries belonging to the European Union, as well as some emerging Asian and Latin American economies. The annual data set used in constructing the decision matrix X is compiled from World Bank Economic Indicator Database for the period 2000-2012. 19 A brief description of the variables so as to categorize them as benefit/cost types depending on their possible impact on the well-being 20 of an economy is provided below:
The gross domestic product (GDP) is one of the primary indicators of a country's economic performance. GDP is the sum of gross value added by all resident producers in the economy plus any product taxes minus any subsidies not included in the value of the products. 21 The variable GDP has been considered in both its level and difference forms for a more meaningful comparison between the developed and the emerging economies. This is because the growth rate of real GDP is usually higher in an emerging economy, which if considered in isolation, may distort the true macroeconomic picture. The per capita GDP (PGDP), i.e., GDP divided by the population size, 22 is a measure of the average wealth of the population of a nation. The concept is often utilised to estimate a country's standard of living, and hence, is useful in comparing country-wise GDPs. A rise in PGDP signals growth in the economy and tends to transform it as an increase in productivity. The growth rates in PGDP are found by taking the real values of PGDP compared to a base year.
A balanced budget (of a government) is one where revenues equal expenditures and neither a deficit nor a surplus exists. Broadly, it refers to a budget certainly with no deficit, but possibly with a surplus. An important macroeconomic concept in this regard is fiscal rectitude, which consists in keeping the national debt under control. 23 In general, economists are worried 19 http://data.worldbank.org/indicator 20 It is to be mentioned here that although the apparent reputation earned by a country is based on a number of heterogeneous dimensions, the present study investigates only a limited number of these, i.e., the most frequently encountered macroeconomic indicators. The reality is that the general public making an assessment of a country's macroeconomic performance usually is concerned about some additional characteristics, that are qualitative in nature, viz., the work ethics of population, the quality of public administration, the degree of political corruption, the attitude towards laws and regulations etc. The subjective perception of these features shape the image of a country's macroeconomic performance (Moesen and Cherchye 1998) . 21 It is calculated without making deductions for depreciation of fabricated assets or for depletion and degradation of natural resources. Dollar figures for GDP are converted from domestic currencies using single year official exchange rates (World Bank definition). 22 GDP per capita is estimated by the World Bank as gross domestic product divided by midyear population. 23 When vibrant macroeconomic conditions prevail, tax revenues are usually buoyant; consequently, the government seldom needs to have recourse to borrowing for stimulating the economy. However, during times of economic downturn, tax revenues decline, and governments have recourse to borrowing to bring the economy back to growth. The implication of an increasing interest burden is that government revenues will be diverted to pay for financing costs, instead of being used for purposes that are more productive.
when government debt, which is the most common means of financing a government deficit, rises sharply as a proportion of GDP. Hence, having a balanced budget or surplus has been treated as a non-significant entity while comparing the macroeconomic positions of countries in this paper. Other variables remaining the same, a country with a budget surplus has been treated on a par with another country without it, whereas a country with a budget deficit has been given a lower ranking than another with a lesser deficit or without it altogether.
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Balance of payment, a concept signifying a country's external economic performance ranks high as an indicator of a country's macroeconomic performance. To be specific, an appreciation of surplus on the current account balance (CAB) points to an enhancement in the country's macroeconomic performance, whereas a deficit is regarded as a bad signal for the economy, where CAB is the sum of three components: net exports of goods and services, net primary income, and net secondary income. The "Calmfors-Driffil" index of performance (Calmfors and Driffill 1988) prescribes the addition of the unemployment rate to the deficit on the current account as a percentage of GDP, thus ensuring a better macroeconomic performance to be associated with a lower index value. In fact, it is designed to penalise countries that pursue a low level of unemployment through an expansionary policy leading to a deficit on the current account.
The variables, inflation and unemployment, have been taken to be the cost variables insofar as enhancement in respect of these variables creates economic and social cost for a country, thereby lowering its economic position. The degradation in the macroeconomic position of a country has been envisaged in the literature by what is called the "misery index"
25
. In economic terms, this means that a rise in inflation coupled with high unemployment leads to lower consumer expenditures and contributes to an economic slow-down. Many distinguished economists have argued that prices should continuously fall at the real rate of interest. No central bank, however, 24 The new "misery index" adds together a country's budget deficit, as a percentage of GDP and its unemployment rate. The original misery index, created by the economist Arthur M. Okun, added together a country's unemployment rate and its inflation rate. That index came to symbolize stagflation, a significant problem of the 1970s, when consumer prices continued to rise even as economies stagnated and unemployment rose. 25 The index was developed by Arthur Okun to characterize the economic condition of a country (see (Okun 1970) , (Okun 1978) , (Okun 1981) operates on that principle. The fact is that the negative inflation at that rate would be ideal, normally, in a perfect world. But imperfections of many kinds tend to tilt the optimum monetary policy towards less deflation, or even mild inflation (Sinclair 2003) . Although a fall in inflation results in a fall in the misery index, a negative inflation or deflation has in fact a debilitating effect on the economy (Denhart and Shales 2012) . It is to be mentioned here that the crucial assumption underlying the TOPSIS methodology is that the criteria must be monotonic in nature. Assuming that both positive and negative inflations are detrimental to the economy, a negative inflation has been treated in this paper as equivalent to a positive inflation of equal magnitude and hence the inflation data has been taken in its modulus form to address the problem of nonmonotonicity (in utility of the criterion). Countries having larger deviations of inflation rates from the optimal rate are supposed to have a lower value of performance scores than the ones having smaller deviations. . Table 1 gives the year-wise rankings of countries based on the TOPSIS scores 27 . It may be noted here that the rankings do not simply reflect the "rank aggregations" across the individual goals pursued by policymakers 28 . The performance scores rather do correspond to their relative closeness to the ideal solution (PS) based on a Mahalanobis distance metric (Mahalanobis 1936) . Here application of a Mahalanobis distance function as against the normal Euclidean distance metric is essentially meant to take care of the inherent correlation structure in the data matrix. This means that the results will converge in case the variancecovariance structure of the underlying data matrix collapses to an identity matrix. Further, if the maximum possible weight of one is attached to a single criterion, say GDP growth (implying zero weights for others); it leads us to the original rankings of countries according 26 Among monetary authorities in industrial countries that self-classify as inflation targetters, for example, inflation targets are concentrated at a level of two percent per year (Schmitt-Grohe and Uribe 2010). There will however not be much variations in the relative rankings if the optimal level (of inflation) is determined by minimization of the corresponding cost attribute. 27 The scores are not reported here due to lack of space. 28 The rank aggregation problem is to combine many different rank orderings on the same set of candidates, or alternatives, in order to obtain a "better" ordering. Rank aggregation has been studied extensively in the context of social choice theory, where several "voting paradoxes" have been discovered (Dwork et al. 2001 ). 45  47  47  43  44  43  39  34  30  40  41  35  17   Slovenia  28  22  22  25  29  25  25  28  28  29  27  25  27   Spain  29  31  30  32  33  35  36  36  40  42  44  46  46   Sweden  8  6  8  7  7  7  7  6  5  8  6  7  5   Switzerland  3  3  3  2  3  3  2  4  12  3  2  3  2   Taiwan Province of  China  17  13  5  5  10  10  8  8  9  4  3  5  3   Turkey  48  48  48  48  38  37  38  39  35  41  38  42  39   United Kingdom  24  23  24  24  23  23  27  25  29  30  35  32  43   United States  23  26  29  29  30  32  32  30  34  32  33 to GDP growth
29
. Interestingly enough, the CalmforsDriffil index and Okun index can be obtained as two special cases of the present analysis when the corresponding criteria weights for two attributes are equal and add up to 1.
The year-wise rankings of countries based on P i s immediately point to the fact that most economies do not perform equally well over the macroeconomic measures considered by policymakers and analysts. Nor are country performances very stable over time according to the composite score, unlike that indicated by a single indicator. The USA, for example, ranks 29 The Table showing the ranking of countries based on composite scores alongside the ranking based on specific criterion (w j = 1) is not shown due to lack of space. among the top performers in terms of per capita GDP, but had an overall rank of 23 in the year 2000 and has performed consistently worse since. India, on the other hand, ranked second in terms of GDP growth in 2010, but had a composite rank of 28 in the same year.
According to the scores, Singapore shows up as a consistent performer all through our study period figuring at number one since 2003, prior to which it was ranked number two. Judging from an overall perspective, the Top-10 positions are relatively stable (over time) in the sense that degree of overlap between two consecutive yearwise positions is reasonably high; the Overlap (O) measure giving a maximum value of 10 and minimum of 8. It should however be noted that despite this high degree of overlap, there are ample inter-year fluctuations among these performances. Table 2 , together with CAB (from 27 to 38) and employment (from 19 to 30). Similar is the fate of several other EU countries, particularly France, Italy, and Spain in the crisis-and post crisis years. The fiscal austerity imposed in the EU countries has had a marginal positive effect on the budget balance rankings of some of these countries but there has been sharp deterioration in the overall rankings in the years in which severe austerity policies were being followed by national governments; 31 France, for example, crashed It has been observed that synthetic macroeconomic performance scores reveal interesting information and they confront measurement with perception (Moesen and Cherchye 1998) . Our results indeed show that some common perceptions about the performance of both the developed and the developing economies may be in contrast to reality if several dimensions of economic performance are considered together, rather than looking at the indicators in isolation, such as, GDP growth or per capita GDP. 33 The study shows that relative rankings for a country may change quite drastically over the years, because of deterioration in some macroeconomic indicators, even though a country may persistently register a high rate of growth.
32 Rankings based on individual variables are not shown in this paper. These may be supplied to interested readers. 33 Such results may also lend support to studies which consider the shift of economic power from developed markets to emerging markets. The results are similar to findings by (Basu et al. 2011) . The results also clearly bring out the effect of the 2007 financial and economic crisis on the change in relative rankings of countries. To an extent, they also point to the worst affected countries as well as those which remained relatively less affected notwithstanding any temporary growth setbacks or setbacks in the CAB or government balances. Table 3 shows the country-specific distribution of the status of rankings classified as A, B, C, and D. It is observed that Sweden and Singapore top the list with a maximum number of A (highest ranking grade) closely followed by Switzerland, Malaysia, Luxembourg, and Hong Kong (each having a frequency of 12), Taiwan and Netherlands (having a frequency of 11). The worst situation occurs with Greece, Poland, Portugal, Romania, and Turkey, each having a frequency of 13 for the category D (the worst gradation). India follows with a frequency of 12 for the category D. The US has a frequency of 6 for the category C and 7 for the category D, whereas, the UK performs slightly better with a frequency of 10 for the category C.
The CA Bi-Plot (Figure 4) which is a graphical summarisation of Table 3 shows the clustering pattern of the countries around the nodes (A, B, C, D). It is quite evident from Figure 4 that several of the Asian economies, particularly the ASEAN countries mostly belong to the cluster B and some in A. On the other hand, several developed economies including the US, UK, core EU economies (excluding Germany) and emerging Latin American economies fall in the cluster C, while many of the emerging European economies fall in cluster D.
It would be observed (Figure 4 ) that the majority of the inertia is explained by the first two axes, the third dimension explaining the rest. The relative contributions of each cell to the total inertia give some indication of the nature of dependency between the spatial locations and the status of rankings 34 . The implication (of the above) is that if the year-wise country rankings are classified as above, 81% of the total inertia of Table 3 can be explained in a twodimensional graphical plot (CA Bi-Plot) which effectively gives an overall assessment (in terms of the said categorization viz., A, B, C, D) of the macroeconomic performances of the countries for the period 2000-2012.
For the sake of comparison, we also construct the same composite measure of economic performance, assigning equal weights to all attributes, in place of entropy weights. As expected there are some discrepancies in the rankings derived by these two different weighting schemes. For example, in the postcrisis period, for the US and the UK, the rankings based on the entropy weights are better, compared to those based on equal weights 35 . It would be an 34 The detailed output is not reported here. 35 The US and the UK, in fact have shown stronger recovery in the year 2013 and early 2014, reflecting improved macroeconomic fundamentals. As the overall discrepancy (between the two sets of rankings) is found to be low, we do not report the results due to lack of space. interesting exercise to perform a simulation exercise by varying the weights arbitrarily between zero and one (also using subsets of data and alternative weighting schemes) so as to make any unambiguous comparison between the country rankings and checking for the robustness of the proposed indicators 36 .
CONCLUSION
This paper presents a macroeconomic performance index which is designed to summarise in a single statistic a number of macroeconomic indicators. This allows a parsimonious representation of a variety of different facets of macroeconomic performance and its 36 This is however outside the scope of present paper.
comparison across countries. The distinctive features of the indicator relate to the domains covered, the normalisation methodology used, and the weights used for aggregation. The first part of the analyses presents the methodology of arriving at the performance scores and the country rankings in each year according to those scores. In the second part the rankings are summarised in terms of measures which together depict the degree of stability or disarray in country-wise rankings over the years. Statistical analysis of the yearwise country rankings based on the composite scores is what constitutes the third part of our analysis. By applying proper statistical techniques, the paper has sought to compare the relative positions of countries over the years. The extent of disarray between the year-wise positions has been summarized by what are respectively known in the literature as the O, NFr, G and M measures. The analytical technique of Correspondence Analysis (CA) for providing a graphical display of the status of rankings elegantly summarizes the cross-sectional variability in the relative positions of the countries by mapping them in a two dimensional "biplot" (Greenacre 1993 ).
The simple macroeconomic performance indicators in common use, viz., the Okun index and the Calmfors index, consider only two variables tacitly assuming that the policy makers accord the same priority to each policy aim, whereas on the contrary it is more realistic to assume that different weights will be attached to different policy goals. Lovell, Pastor, and Turner (1995) and Moesen and Cherchye (1998) , for instance, rely on four macroeconomic variables and a variant of linear programming techniques to evaluate the performance scores. The paper includes budget balance and percapita GDP as additional variables and applies the concept of TOPSIS methodology, which is a variant of MCDM technique. This is surely an improvement over the existing indices in the sense that Okun index and the Calmfors index turn out to be special cases of our proposed index. Selection of additional variables (for constructing the macro performance function) is simply contingent on fulfilling the twin requirement of theoretical justification and prior assumption of monotonicity.
By handling a large data set of major countries of the world spanning a significant period, the paper has made an overview of the cross-sectional as well as temporal variations in the status of rankings. The results clearly show that country rankings can vary quite sharply over different indicators considered, and hence underlines the need for this kind of a synthetic composite indicator to serve as a summary statistic, facilitating easy cross-country and inter-temporal comparisons of macroeconomic performance, particularly, where the various existing macroeconomic indicators send conflicting signals. The important observations are that country rankings based on overall macroeconomic performances differ quite significantly from those based on measures traditionally relied on, like GDP growth rates or per capita GDP and that relative rankings for a country may change quite drastically over the years, because of deterioration in certain macroeconomic indicators, even though the country may persistently register a high rate of growth. We are able to identify countries which have performed consistently over time and those whose performances have deteriorated sharply during the post-crisis years. For example, EU countries now exhibit lower rankings as they have adopted severe austerity measures for structural adjustments, which have affected output and employment in those countries. However, the reforms should reflect in the overall rankings in a few years time, as exhibited by the Asian economies in this study; the Asian economies cluster in the higher ranking group with stronger government balances consequent on the structural reforms undertaken in the post-Asian crisis period and no sharp deterioration in other indicators. The relative strength of some of the richer economies like Singapore, Hong Kong, Switzerland, Sweden, and oil exporters like Russia are also easily identified from the summary clustering of country performances 37 . The estimated summary statistics for the degree of stability or disarray experienced in various years, according to our ranking methodology, show that the between 2007 and 2009 the measures of disarray attain their highest values closely followed by the period between 2011 and 2012, which correspond to the peak crisis years.
The usual caveats and policy recommendations apply for this study. Of course, a single indicator, without necessarily parting with valuable data and hence obscuring some essential information, cannot incorporate all the relevant information concerning the performance of an economy. Even so, a single metric is admittedly easier to comprehend and can greatly aid comparison between countries. A comparable composite ranking index usually plays an important role in alerting the government, policy makers and international aid-givers or investors, and force policy makers to delve deeper into the component attributes and structural problems related to those 38 . Policy makers may compare rankings, based on such measures like the one computed here, with similar groups of countries, to better understand their positions. The analyses based on the performance scores help to clearly understand the effect of the recent global financial and economic crisis on the overall macroeconomic performance of different countries. To this end, the paper has an enormous potential from the viewpoint of a policy prescription. This is true insofar as the rankings can subsequently 37 That the ultimate ranking is dominated by rich countries like Singapore, Luxembourg, Switzerland etc could apparently be due to the nature of weighting methodology used, i.e., using essentially the variations across the observation units as weights; as the greatest variation is found for the variable per capita GDP. We note that the use of an equal weighting scheme has in fact kept the positions of these economies more or less the same (also see Footnote 29). 38 Tools like path analysis, Bayesian networks and structural equation modeling may be quite useful here to unearth further the relationship between the composite and its constituents.
be analyzed in a proper exploratory framework by associating the change in the relative positions of countries over time with certain explanatory variables 39 . It would be an interesting exercise to directly compare the (composite) scores over the years probably following a dynamic version of present methodology. Analysis of the scores alongside the inherent vulnerability and resilience indices of the countries would lend to better policy prescriptions.
